•APR. 4.2005 1:43PM 



NO. 2940 P. 6 



13 

14 

15 

16 

17 

18 
19 
20 
21 
22 



lathe claims: 



- . cont ent delivery system having m servers, * 

L (Cturently Amended) Inacomem j 

tr C\ and* geographic locations, G 

-I*. ■•■*>. » CUSt ° merS ' C =(CU '" J ?; - 'IJrfc d-V observed by customers 

wherein 5<=te<* is a scrvei j ^« n :. fl nriority value for 

. , u r ^ile retrieving content from server^ pj is a pnomy 

Ci from region G„ a,.i* a gapping i«y ^^ Qmt s a load capacity of 

*™ region G that have been redirected to server 5, and s k represents load jy 
from region C^tnatnav coxn prising the steps of: 

server S k , a method for distributing server loads, the method comp 
^resentmg-averagep^^ 

^^^^ 



23 AORT = „ n 



.„„ tW assigns requests from customers to a 
generating a mapping that assigns i<=h 

^rtirnlar server while rrunirrnzing ^CWTland. 

toapartitnnarServersuchthat.fbreachGeC'.^^', £ - 1 - 0 " 

3 (C^tlyA— m^modasrecitedinclaiml,^^ 

nr ; r^ ff*»P ^g" 5 mLil ' ^ . , „wv at for each for 
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35 

36 



The Amethod as recited in claim 1, sh§rem^e 
4 (Oiircntly Amended) Theyvmeinoa » 
ae 1 r reauests to a particular server 

38 while balancing the load of each server to wittnn 

39 balanced state © such that, for all pairs of servers, S k and * 

<(l+©)x- L - 

„ deviation fromabslanced state ® is exceeded. 



t CCorrenUyAn-endcd) JhsAroethod as recited in claim 1, further | 

50 

Zrff- l-^- 

si defined as AORT M «= n 

» v g y "» fl '. ( . XB| .xc,x(««e/ fc +wfe'M) 

62 m&AORT^ = - c, 

wherein i.»n W n^ gI e MM n 8 fr M n*e^dincno f oneor 

53 
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7 «-'»<* tal ' < ^ 

* a ^ The A-method as recited in claim 1 , further 

8 (Currently Amended) A^- frmc ^ . 

^GRrvalue. 

10 . (Curtly Amended) J**-** as recited in claim 9,rhe heuristic 

rf^^^^P^^^-^^^"^ . . _ hlist identifyirig 
starting *ith a top-most, smallest value uem m each hst, xdenfcrymg 

c0 nmar*le^Ues^ 
triples equivalent to the number of sorted lists; 

selects from me plural 

"„ withmesmallest^x^^^v^ ^ 

assigning to a server S*of the selected <C„Cj,S*> triple 

* a irs has been assigned to a server 5*; 

capacity of the server 0*1 G->pair, and anunassigned 

entity of the server S k is assigned to some of the load of the <C, C& V™> 
cap&iy ^ t ^^^/cfrN pair is reinserted into the iterative process, 

portion of the load from the (Q,G>> pair rsui* 
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11. (Currently Amended) Ite ^method as recited in claim 10, the 

a heuristic algorithm further including the steps of: 

generating a load-capacity prioritized sorted list by sortmg C, values in 

4 de(^asmgc»rdeTofrerr^iniftg load capacity**; 

startin^imatop-most,^ 
I p^oritized lis, identifying comparable smallest-value items *** the o*er lists to generate a 

i io&d-capacityprioritized(Cf r G^5A>tripl e ; 

considering** load-capacity prioritised «?^> tnple mthe 

, u ♦ ■mnsstiC G triple with the smallest u>j x c, x (*fe/ fc ^<H*) md 
selection of the top-most <CiG ; ,Wtnpiewim ./ „ „i 11T *mv 

repeating the heuristic algorithm starting with generating the plurality 

andremainingload capacity asaresult of the previous server assignment during each 
iteration, until the load from all <C„ Gj> pairs has been assigned to a server S, 

12. (Currently Amended) TheAmethod as recited in claim 10, the 

generating a list of content-available <C t S*> pairs m wnicn in 

of customer Q is stored in server S k ; and 

selecting the <C & G^> triple with the smallest « v x c. x {«H^ 

value that is also part of the Hit of content-available pairs; 

wherein if. during any iteration of the heuristic algorithm, there is no 

<C fi G,*> triple with the smallest u^sdel^u) value is chosen and the data 
customer Ci is migrate* to server & 

13 (Currently Amended) TheAmethod « recited in claim 12, the 

29 Q is not stored in server S*; 
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( Ct G,SO trip* that * also P*t <* bst ° f , , ^ ^ <aW migration 

<C a SO triple vrito the smalls combtoed ^»««Crf*«*W 

j ; txr r.r.r, netsistent connections using HTlr logs «*wi«» & 
step of estimating infefct for non-petsisrero. 

computing an estimated round trip delay as W«^ + l> ~ 

* * etor^ in the HTTP logs, where Wra^+D presents a 
^UO^i^— st^ 

t^eat^chacoimectiorirequestmes^geisreceivedby 

computing the response time as 
w2x *HSfl=L, where ^represents a time at which a 

a time at which the server stops sending the oh] ect. 

13 (Currently Amended) m^ethod as recited m claim 1, f^er | 

computing an estimated roimd trip delay Men,^ ^ w^-- 
, u , teoresentsatimeatwhichtheserverreceivesarequestto 
t „ . m Alasi)< where Mw.^ represents * um* 

- * . rf represents a time at which the server 

close the persistent connection, and W*^-^^ p 
stops sending aresponse for a last request; and 

computing the response time as 

+ A^^_^W*^ _ wnere ^ ^ represents a connection 

36 (L.ci™.* ~ f e»n_»«_n*' 2 2 
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1« CWithd^) Amc^es^'P^""™* 4 ^" 

1 K - ™Wviii2 data from a server 

■ i« n aeoeraohic location while retrieving u<u<* ^ 

2 observed by a requesting entity in a geograpmc ice* 

, usine TCP logs, the method comprising the steps of: 

3 using a»-*t wgo, . .„, A . between the server ana 

computing an immediate round-top delay Aw between 

4 . .. .^^j the TCP logs, where f COB 
^ „ , f . from information stored in tne iwr iu B , 

5 the requesting entity as " rf is a time at which 
8 isatimeatwhichaconnectionw^ 

; i^.-^— ^- ,,i,,,,B,,4fc ' 

8 ^estingentity^d^ ^ B ^e«- 

„• ♦ d trio delay Ar- . an equation w ,_W*> - U M _^)~^ + « * *» d 
10 immediate round-trip delay *r„», an q ' igatimeat which an/- byte of the data 

mformationstoredintheTCPlogs,where^e^isatmae _ foraft * M 

. is a time at which acknowledgement for a AT 
n2 has been sent by the server, and « a time 

13 byte of the data is received by the server. 

HCCuxrentlyAmended) Amelhod for estimate a response time 

observedbyare^ngentitym^^^ 

c^putinga^esthnated^^^ 

17 * * tored in the HTTP logs, where t t0 n_nqjruff^'^ represents a 

* j Jfi from information stored in tne ni i"B*» 
ib 1X0411 u . .^^se^erftom the requesting 

„ timeatwmchacormecftonltequestmessageisreceivedbytheserver^m 4 

19 tmieatwmcn yArepresentsatuneatwhichtbeserverstops 

20 entity for an (f*l)* object, and represm 

21 sending an ** object to the tequesting entity, and 

^ computing the response time as 

,„ w< , represents atime at which a 

23 (* m „ tinted 2 

26 and W.iwJ.wrf represents a unw 
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computing an estimated round trip delay 

presents a time at which the server receives a request to 
* j ^/^f\ where e/ws «c r ^ resenw 

W-^'^ ~ , „ Xlast) represents a time at which the server 

close the persistent connection, and t yap _ sen d^ast) repres 

stops sending a response for a last request; and 

computing the response time as 

AWcte* where tcon _ m ™ represents a connection 

A r-'^sr. C\ and geographic locations, O 

~(Si S m } 9 n active customers, C -{Ci....,C,j, ana ^ * r 
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observed *y comers in geog^Mc lo^on Gj wKle relieving cogent ttom ser™ 

46 capacity J* of server S k ; and 

a processor programmed for 
I representing an average prioritized observed response time as 

^i=l^J=lfl^l__- ■» IDBd 

49 4Ctfw - 

generating a mapping that assigns requests from customers to a 



si particular server while minimizing ^ORr, 

P tn . r ~^r filrt her^^ 

62 ■ 

93 ^rrir.iilar serv rr rtti-H ™ fr a ^ manoipg - 
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20 (Currently Amended) ^system as recited in claim 19, the 

particular server such that, for eachGeC. G e eG\ g = 

21 (Currently Amended) E^system as recited in claim 19, the 
„r ^er proved for assign^ — to aparucular a while ensunng that 
theload capacity of each server is not exceeded such that, for each for 



<=1 /-I 



22 (Cunently Amended) IbeA^tcn ««etod in ctaun 19. the 

for all pairs of servers, 5* and Si, - g s, 

23 (Currently Amended) HfcMy*" as recited in claim 22. wherein if 
^content delivery system should add oieor more servers. ^ 
customers.meprocessoris^^^ 

unless the maximum allowed deviation from a balanced state 0 is exceeded. 



24 (CurrentlyAmended) Th^ystem as xecitedin claim 19, wherein the 
processor is programmed for allowing one or more customer, to he added to me content 



delivery system only if AORT^ AORT M : 
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Atty.Dkt.No. 073303-0116 
whetein AORT.» andAOM^ are old and new values oiAORT 

2, f = 1 2, /gl 2^1^ j _ 

defined as AORT M ~ ~ n 

v n v g y « fl , XCl x(sdel k +ndel jik ) 

j = \^k=l . ; 

and AORT^ = - « 

wherein < M is anew mapping resulting from the addition of one or 

more customers; and 



wherein 



<p is an allowable change in AORT for existing clients. 



25 (Currently Amended) Jfce^system as recited in claim 19, the 
proctor fu^erprog^ed« 



26. (Currently Amended) T^A-system as recited in claim 19, the 
processor further programmed for usmg a non^mear cor^traint solver to generate the 

mapping. 

27 (Currently Amended) Tte Asystem as recited in claim 19, the 
processor furmerprogrammed^^ 

5 maU utjx values to produce a smaUeroveraU Rvalue. 

28. (Currently Amended) TheA-system as recited in claim 27, the 
processor further programmed for: 
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of sdel h and sorting pairs in increasing order of ndel jX , :^ nfvme 

starting with a top-most, smallest value item m each list, identofying 
comparaWesmaUest-valueitcxnsfiom^other lists to generate a ptarality of (aG,5 A > 
triplesequivalenttolhemJrnberofsortedUsts; ^ 
selecting from the plurality of (C* Gj.S k ) triples, the (C, G } ,S k ) tnple 

with the smallest u tJ xc.x {sdeh^ddj. k ) value; 

assigning to a server S k of the selected <ft triple a remaining load 

fromUie<Ci,Gy> pair; and t ... f 

rating to hwrirfo dgoritaa starting g«.««ng the pturahty 

<Ci,Gy) pairs has been assigned to a server S& 

wherein if, during any iteration of the heuristic algornhm, the load 

capacityoftheserver^ „ 
capacity of the server * is assigaed to some of the load of the <C^ pair, and an unassigned 
portion of the load from the <C^> pair is reinserted into the iterative process. 

29. (Currently Amended) The_A5ystem as recited in claim 28, the 

processor further programmed for: 

generating a load-capacity prioritized sorted list by sorting Q values m 

decreasing order of remaining load capacity s& 

starting with a top-most, largest value item in the load-capacity 
prioritized list, identify comparable s^est-value items fton, the othe. Usts to generate a 

load-capacity prioritized (C b Gj,S k ) triple; 

considering the load-capacity prioritized <C t C? y ,S*> triple in the 

selection of the top-most (C.^ triple with the v^******^^** 
repeating the heuristic algorithm starting with generating the plurality 
of sortedlists, taking into account the changes in the values of the C, values, the «?,(*> pairs, 
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gaining load capacity as a result of the previous server assignment durmg each 
iteration, untU the load from all <C b Gj> P-s has been assigned to a server S k . 

30. (Currently Amended) System as recited in claim 28, the 

processor further programmed for. tant 

genera tmgalistof^ 

of customer C is stored in server S k ; and 

selecting the (C b Gj,S k ) triple with the smallest « u * « * {sdel^ndelj,) 

value that is also part of the list of content-available (C b S k ) pairs; 

wherein if, during any iteration of the heuristic algonihm, there * no 

(C^triplefcati^^ 

<G Q>*d triple with the smallest u^sdel^elj,) value is chosen and the data of 
customer Q is migrated to server S*. 

31 (CnmnttyArnended) TMAsystem as recited in claim 30, the 

mSerV0r5t wh er«n«d«m« a nyite ra tionofthehe™ S tiealg<«thm,fl»erei S no 
(aG^uipletWis^partof^Ustof^a^le^S^P-".^^-- 
fWher programme* for siting a suitab,e <GG,A> *P>° ««* *• 8nBtt " t « mbme4 

customer Q to server £*. 

32 (Currently Amended) The A-system as recited in claim 19, the 
processor furmer programmed for estima^ 
HTTP logs by: 

computing an estimated round trip delay Cx^.cii** as t^^cK > 

^ and t*/f) fr° m information stored in the HTTP logs, «here »£— ' 

^atwhichaco^onreqa^messageisreeeivedh^serv^fbran^) ob^and 

W _ r*pr«en« a time a. whi* the server stops sending an ? object; and 
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computing the response time as 

AW^ ( wnere represents a time at which a 

* received bv the server for an object, and re P resents 

connection request message is received oy me 

a time at which the server stops sending the object 

33. (Currently Amended) IhejVsystcm as recited in claim 19, the 
processor ^programmed for ^^^^V^"*^****™ 

logs by: 

computing an estimated round trip delay M^dfcv as 

W -^- ^ " " , f . represents a time at which the server 

close the persistent connection, and W^tf-A" 1 "' 

stops sending a response for a last request; and 

computing the response time as 

^j S:E ^_^^L f where t^j^j^ represents a connection 

request time. 
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